Background: Diet has long been suspected to impact on breast cancer risk. In this study we evaluated whether the degree of adherence to a Mediterranean diet pattern modifies breast cancer risk amongst Greek-Cypriot women. Methods: Subjects included 935 cases and 817 controls, all participating in the MASTOS case-control study in Cyprus. The study was approved by the Cyprus National Bioethics Committee. Information on dietary intakes was collected using an interviewer administered 32-item Food Frequency Questionnaire. Information on demographic, anthropometric, lifestyle, and other confounding factors was also collected. Adherence to the Mediterranean Diet pattern was assessed using two a-priory defined diet scores. In addition, dietary patterns specific to our population were derived using Principal Component Analysis (PCA). Logistic regression models were used to assess the association between the dietary patters and breast cancer risk. Results: There was no association with breast cancer risk for either score, however, higher consumptions of vegetables, fish and olive oil, were independently associated with decreased risk. In addition, the PCA derived component which included vegetables, fruit, fish and legumes was shown to significantly reduce risk of breast cancer (ORs across quartiles of increasing levels of consumption: 0.89 95%CI: 0.65-1.22, 0.64 95%CI: 0.47-0.88, 0.67 95%CI: 0.49-0.92, P trend < 0.0001), even after adjustment for relevant confounders. Conclusions: Our results suggest that adherence to a diet pattern rich in vegetables, fish, legumes and olive oil may favorably influence the risk of breast cancer. This study is the first investigation of dietary effects on breast cancer risk in Cyprus, a country whose population has traditionally adhered to the Mediterranean diet.
Background
Breast Cancer (BC) is the most prevalent cancer among females worldwide, being responsible for more than 515 thousand deaths annually in all WHO regions [1] . Diet has long been suspected to affect BC risk and numerous studies have investigated its possible effect. Even though most of these studies conclude that any effect of diet on risk may be weak, the findings of some large scale prospective studies [2] [3] [4] [5] [6] [7] [8] [9] [10] emphasize the importance of further investigating the role of diet in BC etiology.
When investigating the effects of diet on BC, it is important to consider that individuals do not consume single foods, but combinations of several foods that contain both nutrient and non-nutrient substances. Given the complexity of human diets, the correlation and effect modification of intake of some nutrients, and the many nutrient-to-nutrient interactions, conclusions about the effect of consumption of a single nutrient, food group, or dietary constituent on a specific health outcome may be misleading. For these reasons, it is useful to examine patterns of nutrient intake that express several related aspects of dietary intake concurrently [11, 12] .
One such dietary pattern is the Mediterranean diet pattern. The Mediterranean diet has long been accepted as an example of a well-balanced diet but there is no gold standard "Mediterranean diet". At least 16 countries border the Mediterranean Sea and diets vary between these countries as well as also between regions within the same country. However, despite the above variation, a Mediterranean diet has the following common characteristics: high consumption of fruits, vegetables, bread and other cereals, potatoes, beans, nuts and seeds; low to moderate consumption of dairy products, fish, eggs and poultry; and infrequent consumption of red meat. In the Mediterranean diet, olive oil is frequently consumed and is an important mono-unsaturated fat source, and wine is consumed in low to moderate amounts.
The combination and range of foods included in this diet pattern, provide plenty of anti-oxidants such as flavonoids, carotenoids, and antioxidant vitamins, lots of phytochemicals including phytoestrogens, sufficient quantities of fiber, adequate folate, and a favourable fatty acid profile [10, 13] . These nutrients have been linked to mechanisms of carcinogenesis and have been found [14] , or are hypothesized to confer protective effects [15] on total cancer incidence, and more specifically on BC incidence. The hypothesis that adherence to a Mediterranean diet pattern decreases BC risk is also supported by the observation that countries bordering the Mediterranean Sea, which are more likely to adhere to such a diet, for example Greece, Spain, Italy and Cyprus, have the lowest BC incidence rates in Europe [1] .
Adherence to the Mediterranean diet pattern in epidemiological studies is commonly assessed with the use of dietary scores, developed to capture how closely a subject's diet resembles the Mediterranean diet. In this study we evaluated whether the degree of adherence to a Mediterranean diet pattern is associated with a decreased BC risk amongst Greek-Cypriot women who participated in the MASTOS (Greek for "breast") study -to date, the largest case-control study carried out in Cyprus [16] . While it is commonly assumed that traditionally a large proportion of the island's population adheres to a Mediterranean diet pattern, the extent to which this is true is unclear, let alone whether, and which components, may be associated with a reduced BC risk, making first-time investigation of this issue among the Mediterranean island's female population invaluable.
Methods

Subjects
MASTOS was the first and to date largest BC case-control study to be carried out in Cyprus. Recruitment lasted for the three year period [2004] [2005] [2006] , and the main aim of the MASTOS study was to describe the frequency of established and recognized risk factors for BC among Cypriot women and to assess their association with BC occurrence. Information on the study design, data collection as well as initial analysis of MAS-TOS data with respect to BC risk factors is published elsewhere [16] . In summary, 1109 cases of breast cancer aged 40-70 years old and 1177 control women were recruited. Cases had a confirmed diagnosis of breast cancer between January 1999 and December 2005. Controls were women from the general population that attended the national mammography screening program and received a negative result. In the present report, the analysis was restricted to post-menopausal cases and controls only, since diet has been shown to have a different effect on pre-and post-menopausal BC [10, 17, 18] .
Data collection
Demographic and risk factor data were collected with the use of a specially designed questionnaire, through a standardized interview. The questionnaire included information on age, marital status, level of education, current and adolescent BMI, exercise status, smoking status, family history of breast or ovarian cancer, hormone use, and reproductive characteristics such as age at menarche, pregnancy, gestation period, parity, breastfeeding, age at first and last pregnancy. Weight, height and consequently BMI were based on actual measurements but all other information was self-reported. Exercise was taken to mean any form of regular recreational exercise, 2-3 times a week, for a minimum of 30 minutes each time.
In addition, a standardized diet interview was conducted with each subject using a Food Frequency Questionnaire (FFQ) designed to best capture consumption of food items whose contribution to the energy and nutrient intake of the Cypriot population is high. The resulting questionnaire was designed to capture an individual's habitual food intake over the previous year. Thirty two food items were included in the questionnaire under eight distinct categories i.e. fruit and vegetables, fish, meat, meat products and substitutes, cereals, dairies, agricultural products and sweets. Frequency of consumption for each food item was reported as number of portions daily, weekly or monthly, rarely consumed, or never consumed. Portion sizes for the foods consumed were assessed by showing subjects pictures of standard medium portions, decided on by experienced dieticians. The questionnaire also included questions on the kind of oil used while cooking, whether olive oil was used in salads, and what kinds of spreads were used on bread.
Adherence to the Mediterranean diet pattern was first assessed using the diet score proposed by Panagiotakos et al. [19] . The score was developed to incorporate the inherent characteristics of the Mediterranean dietary pattern and to examine its relationship with cardiovascular disease risk and biological markers [19] . Thus, the score includes the weekly consumption of the following 9 food groups: non-refined cereals, potatoes, fruit, vegetables, legumes, fish, red meat and products, poultry, full fat dairy products as well as use of olive oil in cooking, and alcoholic beverages. The scoring system for the level of consumption of each food group is described in Table 1 and the final score ranged from 0 to 55. Caloric intakes were not available due to the short nature of the FFQ and the grouping of several different foods in the same food group category. As a result, BMI and height were used as surrogate measures of the energy needs of each individual and were thus included and corrected for in all analyses. For the same reason, nutrient intakes could not be estimated with sufficient accuracy; therefore the diet scores chosen were based on food group intakes and did not involve any nutrient components.
Some of the original diet score categories were modified for our analysis. First, the Cereals category was taken to include all cereals consumed, as information on types of cereal was not available. Unrefined and refined cereals differ mostly in their fiber content [20] , therefore since nutrient measures were not estimated it was thought appropriate to group together all cereal consumption. In addition, use of olive oil in cooking was estimated to include use in cooking and as a salad dressing, as usage of olive oil in salads is the most common use of olive oil in Cyprus. Lastly, the Mediterranean Diet Score was first designed to assess the effect of diet on cardiovascular disease. Since some alcohol consumption is beneficial to cardiovascular health, in the original score, zero alcohol consumption received a low score. However, for cancer, any amount of alcohol is detrimental to cancer risk [8] . Therefore, for our purposes zero alcohol consumption, received the highest score.
Secondly, the diet score developed by Martinez-Gonzalez et al. [21] was used. The score was developed as a quicker and simpler tool to estimate quantitatively adherence to the cardioprotective elements of the Mediterranean diet [21] . Nine items are included in the diet score and scored as shown in Table 2 . The resulting score ranged from 0 to 9 points.
Again, some of the original score components were modified. Wine consumption (component 7) was substituted by any alcohol consumed. Furthermore, since this score was also originally designed to assess diet's effects on cardiovascular health, the scoring was reversed to score +1 if no alcohol was consumed. Lastly, one of the characteristics of the Mediterranean diet is high consumption of cereals including pasta and potatoes. Therefore, component nine included pasta, rice and potatoes. For the purposes of this analysis consumption of one to three portions of any cereal daily was scored with +1 and all other consumption (i.e. lower or higher) was scored with zero.
Statistical analysis
Differences between socio-demographic characteristics, potential risk factors (including overall diet scores) between cases and controls were initially explored using chi-squared or t-test as appropriate (e.g. height). In order to assess the association between levels of adherence to a Mediterranean diet and BC, adjusted Odds Ratios (ORs) of BC risk were estimated (a) across categorical levels and (b) per 1 unit increase in either of the diet scores in multivariable logistic models after adjusting for the possible confounding effect of the risk factors that best predict BC risk in this population [16] . In addition to the overall scores, ORs of BC per 1 unit increase in servings/week (or servings/day accordingly) were also estimated for each single components of the diet scores.
To further examine the dietary intakes of the Cypriot population, factor analysis with principal component extraction (PCA) was performed in order to derive the patterns that best describe the dietary habits of our population. It was deemed appropriate to restrict this analysis to the control group. Dietary intakes (in g/ month for food items and ml/month for drink items) of each of the 32 food and beverage items in our FFQ were considered. Olive oil was not entered as a variable in PCA because only frequency and not quantity of consumption was assessed in the FFQ. Extraction of principal components was followed by a diagonal (oblimin) rotation, following failure of orthogonal rotations to produce interpretable results. For each dietary pattern identified, a component score was calculated for each subject using all factor loadings and the respective consumption of each food and beverage item. The association between BC and each of the observed factors were investigated in multivariable logistic models after mutually adjusting for all others. All statistical analyses were performed using STATA statistical software, version 11 (StatCorp. 2007 . College Station, TX) and SPSS statistical software version 17.0 (PASW Inc.)
Results
The characteristics of the 1752 post-menopausal women (among a total of 2286, 76.6%) participating in the MASTOS case-control study are presented in Table 3 . As expected, compared to controls, cases tend to be more educated, of a larger BMI, an older age at FFTP, more likely to have a family history of BC, less likely to have breastfed their children, more likely to have smoked and less likely to have exercised more than 6 hours per week prior to diagnosis. However, contrary to what was expected, cases were younger and less likely to have used HRT. Cases and controls did not differ in terms of height, age at menarche, parity. Furthermore, no association was observed between case/control status and either of the two diet scores investigated here.
However, the distribution of cases and controls across the diet score categories indicated that the Mediterranean diet pattern is adhered to by a large percentage of Cypriots. More than 40% of the Cypriot population has a score of above 35 using the Panagiotakos Mediterranean diet score, and close to 40% of the Cypriot population scores above 6 using the Martinez-Gonzalez score.
Mediterranean diet score by Panagiotakos
The mean intake of the 11 food indices used to construct the Mediterranean Diet score by Panagiotakos among post-menopausal cases and controls is shown in Table 4 . Risk of BC decreased in association with high intake of vegetables and salads (OR per unit increase in servings/week: 0.95, 95% CI: 0.92-0.99), fish (OR per unit increase in servings/week: 0.88, 95% CI: 0.79-0.98), and olive oil (OR per unit increase in servings/week: 0.95, 95% CI: 0.92-0.99). A unit increase in the overall diet score by Panagiotakos was not associated with risk of post-menopausal BC (Table 4) . Similarly, when treated as a categorical variable, divided in quartiles, this diet score was not associated with BC risk (OR Q4 vs. Q1: 0.99 95% CI: 0.70-1.40) ( Table 4 ).
Mediterranean diet score by Martinez-Gonzalez
The mean intake of the 9 food indexes used to construct the Mediterranean Diet score by Martinez Gonzalez among post-menopausal cases and controls is shown in Table 5 . Similar to what was observed with the diet score by Panagiotakos, risk of BC decreased in association with high intake of vegetables and salads (OR per unit increase in servings/day: 0.74, 95% CI: 0.57-0.96), fish (OR per unit increase in servings/week: 0.88, 95% CI: 0.79-0.98), and olive oil (OR per unit increase in 
Principal component analysis
Based on an eigenvalue criterion of > 1.0, and scree plot analysis 11 components were initially observed. However, factor interpretability justified the retention of only 4 components, as components 5 to 11 showed high factor loadings on single variables. As a result we repeated Levels (means ± SDs) of the Mediterranean Diet Score food indices in post-menopausal breast cancer cases and post-menopausal controls and adjusted odds ratios (with 95% CI) of BC in terms of the overall score and each its components a All values are means ± SDs b Servings/week or as otherwise stated c Adjusted for the following covariates: age at interview, family history, age at FFTP, HRT use, exercise, age at menarche, height and BMI in post-menopausal women Table 6 ). The four factors accounted for 23.6% of the total variance in the 32 food and beverage items (8.05, 5.92, 5.10, 4.55% for the 4 patterns respectively).
Pattern 4 more closely resembles the Mediterranean diet pattern. This was further analyzed to determine its association to BC risk. Quartile values for Pattern 4 based on the distribution of controls, were used to divide cases and controls with the highest score quartile assigned a score of 4, while the lowest score quartile were assigned a score of 1. Quartiles of adherence to this dietary pattern were entered into a multivariate regression model adjusting for all potential confounders, to determine whether high adherence to the Fruit/Vegetables/Fish/Legumes dietary pattern decreases BC risk. Since, in the oblique rotation, the factors are allowed to be correlated, in the multivariable regression model we also adjusted for the other three PCA derived patterns, also as categorical variables. It was found that postmenopausal BC risk decreased across quartile levels of increased adherence to the fourth dietary pattern (OR Q4 vs. Q1: 0.67 95% CI: 0.49-0.92, P for trend < 0.0001) ( Table 7) . Patterns 1, 2, and 3 were not associated with BC risk whether treated as continuous or categorical variables, and there was no evident trend (data not shown).
Discussion
This study was the first to investigate dietary patterns in relation to BC risk in Cyprus, an island where the diet closely resembles the Mediterranean diet, as shown by the relatively large percentage of Cypriots that receive high scores of adherence to the Mediterranean diet patterns examined. None of the two Mediterranean Diet scores employed in our analysis were found to be associated with BC risk. However, in both scores, specific food indexes -Vegetables, Fish and Olive Oil -were inversely associated with BC risk. Although the individual effect estimates observed are small, if one assumes that the positive effects of different food groups are additive, then the reduction in BC risk through a diet that includes all the beneficial components, could be substantial. This combined effect becomes obvious when the fourth PCA dietary pattern, a combination of the protective components, is analyzed. Further, considering the high incidence of BC and assuming a causative association, even a small reduction in risk conferred by dietary components can be translated into several prevented cases per year, in Cyprus alone. The application of Mediterranean diet scores in epidemiological studies has yielded conflicting results. Recently a study in the EPIC cohort, demonstrated that higher adherence to a Mediterranean dietary patternas assessed using the Mediterranean diet score developed by Trichopoulou [22] -is associated with a decreased cancer risk both in Mediterranean and in non-Mediterranean countries (HR: 0.96, 95% CI 0.96-0.98 for a two point increment in the score). This analysis did not identify any of the components of the score as having a predominant effect, supporting the idea that it is the combination and range of nutrient and non nutrient components of the diet, that confer the protective effect [13] . In a more focused analysis of the EPIC cohort with respect to BC risk, adherence to the Mediterranean diet pattern -assessed using an adaptation of the Trichopoulou score -was found to confer a small decrease in total and post-menopausal BC risk. This protective effect became stronger when no consumption of alcohol -instead of moderate -was treated as most beneficial and was more pronounced for ER-/PR-postmenopausal tumours [10] . A study on the Greek EPIC cohort has also demonstrated a marginally significant inverse association between adherence to a Mediterranean Diet pattern (defined a priori) and post-menopausal BC [23] . However, Cade et al. [24] who examined the adherence to a Mediterranean diet pattern in a British cohort did not yield any significant results, except a non significant trend towards decreased risk, with increasing adherence in pre-menopausal women. This cohort included women with different dietary patterns and at extremes of intake, so as to enable comparisons Factor loadings > 0.340 based on Principal Components Analysis of average intake of 32 food and beverage items, standardized and followed by diagonal rotation and maximize the potential of successful identification of any interactions. Similarly, Fung et al. [2] investigated post-menopausal BC risk in the Nurses' Health Study, but found no significant association with adherence to the Mediterranean diet, however results for ER-BC approached significance. A meta-analysis of 6 prospective studies with a total of 512,366 subjects followed for a time ranging from eight to 18 years, showed that adherence to the Mediterranean diet is inversely associated with total cancer incidence and mortality, but there were no results specific to BC [25] . These conflicting findings might be explained by the limitations of diet scores such as the subjectivity associated with which food items are included in each score and how each component is scored. The score may be missing food items that largely determine the dietary habits of the population under study. Also, if the cut offs used for scoring are based on median values from a particular population, it is unlikely that they will yield useful and interpretable results, in a different population with different dietary habits. Another explanation for the contradictory findings is that traditional methods of food preparation vary widely within and between countries. It is argued that results from Northern European countries may differ from results from Mediterranean populations because essential components of the Mediterranean diet may be consumed in different forms and proportions in these two regions [24] .
In order to derive dietary patterns that best reflect the dietary habits of the Cypriot population, PCA was applied to the dietary data, yielding four dietary patterns. The fourth dietary pattern -Fruit/Vegetables/ Fish/Legumes -included both vegetables and fish that were found to be inversely associated with BC risk in both diet scores. In the MASTOS study, vegetable and fish intakes are correlated with olive oil consumption (0.9705 and 0.2180 respectively, both significant at the 0.05 level), therefore Pattern 4 can also be taken to include olive oil use despite the food's absence from the 32 FFQ variables entered into PCA. High adherence to this dietary pattern was found to decrease BC risk in post-menopausal women and can be recommended to women as a healthy dietary pattern which may indeed reduce BC risk.
It should be noted that PCA, is not without limitations since there is subjectivity associated with the derivation of the variables to be included, the number of factors extracted, the rotation used, and the labelling of the factors retained. Despite these, most studies applying PCA on their dietary data and deriving a dietary pattern similar to ours, demonstrated significant reductions in BC risk. While Velie et al. [12] found that a vegetablefish/poultry-fruit diet pattern was not significantly correlated with BC, Ronco et al. [26] found that adherence to a food pattern rich in anti-oxidants -associated with white meat, fruit, vegetables -was protective in a study carried out in Uruguay. Murtaugh et al. [27] in their study of Hispanic and non-Hispanic white women, evidenced that a dietary pattern labeled as Mediterranean was statistically significant showing an inverse association with BC. In the French subgroup of the EPIC cohort, a "healthy/Mediterranean" (essentially vegetables, fruits, seafood, olive oil, and sunflower oil) diet pattern, was significantly inversely associated with BC risk, especially for ER+/PR-cancers [28] . Lastly, in the ORDET cohort, a dietary pattern which was characterized by high consumption of raw vegetables and olive oil as added fat, was found to significantly decrease BC risk [29] .
The variables loading on the fourth PCA-derived pattern presented here have yielded varying results in studies investigating their relationship to BC. Concerning vegetable intake, most studies on post-menopausal women gave no significant findings [30] [31] [32] [33] [34] [35] . However, Sonestedt et al. in an analysis of the Malmo Diet and Cancer Cohort demonstrated that in post-menopausal women with a BMI less than 27 kg/m 2 and in postmenopausal women not changing their diet before recruitments, there was a significant reduction in BC risk with increased intake of fruit, berries and vegetables [36] . Also, analysis of the Greek cohort of the EPIC study evidenced that a high consumption of vegetables and fruits was one of the most beneficial components, for the protective effect of the Mediterranean diet on survival [3] . In addition, in the EPIC study after a mean of 11 years of follow up, there was a significant reduction in BC incidence, associated with higher intake of vegetables [10] . Studies on fish intake again yielded mostly no significant results [37] [38] [39] [40] [41] [42] [43] . The only statistically significant result concerning fish intake comes from the Singapore Chinese Health Study, which evidenced that intake of marine n-3 fatty acids, had a protective effect on BC incidence [44] . Lastly, concerning olive oil intake, a meta-analysis of 13800 patients and 23340 controls in 19 observational studies, evidenced that olive oil intake is inversely associated with BC risk [18] . In light of these findings, vegetables, fish, and olive oil may work synergistically in a dietary pattern to decrease BC risk, as was shown by our results.
Having discussed the significance of our findings in the context of the available literature, the limitations of this study should be mentioned. Cases included in the analysis were diagnosed over a seven year time frame, immediately before the conduction of the study. This may have introduced a survival bias into our study, but the 95% 10-year survival rate observed at the cancer referral centres in Cyprus [45] suggests that this bias is likely small. In addition, response rate was 98%, therefore selection bias other than survival is not a big concern. Further, our FFQ was limited since it examined intake of only 32 food items and there is no information about the way each food is consumed. Perhaps of most concern is the problem of measurement error in dietary assessment, particularly associated with the use of FFQs in case-control studies. However, it is unlikely that cases differentially recalled the specific food groups that were included in the diet scores or the dietary patterns derived from PCA. In addition, because diet is not an established BC risk factor, differential misclassification is less likely. On the other hand, both cases and controls are likely to have underreported their intakes, a common concern of FFQ use. However, such bias is non differential which tends to bias any findings towards the null, thus suggesting that the true effects might be stronger than those observed. Lastly, the four components retained from PCA only explained 23.6% of the variance, but this is comparable to other dietary studies, reflecting the challenges associated with reducing highly interrelated and complex dietary variables [46] .
Despite the limitations associated with a case-control study design, these are the only data available in Cyprus since a cohort study has not been yet established in our population. Considering the location of the country and the dietary habits of the population that closely resemble the traditional Mediterranean diet, an investigation of this diet's effects on BC was warranted. Also, the sample size of this study ensures adequate power to delineate diet's effects on BC risk.
In addition to the association with BC risk, in our analysis there was a significant inverse association between adherence to the fourth PCA dietary pattern and age at interview (P value for chi-square test: 0.004). Thus, in the future, it will be interesting to investigate how the shift towards or away from this healthy dietary pattern in the younger generations impacts on BC incidence, as well as on other BC associated parameters.
Conclusion
In conclusion, our results suggest that adherence to a diet pattern rich in vegetables, fish, legumes and olive oil may favorably influence the risk of BC by having a protective effect. Despite the weak individual effect estimates, when these healthy food groups are combined into a dietary pattern the effect estimates obtained are larger and suggest that they act synergistically to confer a substantial reduction in BC risk. Given this protective effect in postmenopausal women, such a dietary pattern can be recommended to women as a healthy dietary pattern which may indeed contribute to a reduction in BC risk. This study is the first investigation of dietary effects on BC risk in Cyprus, a country whose population has traditionally adhered to the Mediterranean diet. Additional cohort studies of dietary patterns in our as well as in other Mediterranean populations are needed, to further clarify the protective effects of this diet on BC risk.
